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Abstract

The adsorption of water on alkali halide (KBr, KCI, KF, NaCl) nansiaig on SiQ
and their deliquescence was investigated as a function of retatmility (RH) from 8%
to near saturation by scanning polarization force microscopylowt humidity water
adsorption solvates ions at the surface of the crystals and dasréaeir mobility. This
results in a large increase in the dielectric constant, wkichanifested in an increase in
the electrostatic force and in an increase in the appareagfitheithe nanocrystals. Above
58% RH the diffusion of ions leads to Ostwald ripening, where largercngstals grow at
the expense of the smaller ones. At the deliquescence point drepletéormed. For KBr,
KCI and NacCl, the droplets exhibit a negative surface potentatlvwe to the surrounding
region, indicative of the preferential segregation of anions to the airesolnterface.
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Introduction

In recent years, reactions at the air/aqueous solution irgdréa® attracted a great deal
of attention, particularly for alkali halide solutions due to thelewvance to atmospheric
chemical processeéd. Molecular dynamids® and Monte Carf§ simulations on alkali
halide solutions have shown that there is a propensity of the laimesdo segregate to the
water-air surface. Ex-situ atomic force microscopy (AFERhHd X-ray photoelectron
spectroscopy (XPS) have revealed 8gregation in NaBr in NaBr/NaCl crystals grown
from aqueous solution’s. Second-harmonic-generation spectroscdpy, vibrational
sum-frequency generation spectroscdp§and photoionizatiori have also been used to
investigate the segregation propensity of various ions. Among theiragpéal methods,
ambient-pressure XPS is particularly useful, as it enables tptevati measurements of
lonic concentration in the entire relative-humidity (RH) range {®@0%) by introducing
water vapor and lowering the sample temperafiife.More recently, Ghosal et al.
presented a direct measurement of the ion distribution in a miadt/NaCl aqueous
solution?? They showed the segregation of &rthe solution surface.

Another important in-situ method of investigating liquid surfaces@nning polarization
force microscopy (SPFMY)?* because it can provide surface topography and surface
potential images simultaneoudh?’ Dai et al®® showed the motion of atomic steps on the
NaCl surface at humidities above 40%. Luna &f demonstrated that each alkali halide
(NaCl, KCI, KBr and KI) has a critical RH at which the ratkincrease of the surface
potential and ionic mobility changes drastically. Recently, ithial stages of water

adsorption on NaCl have been studied in dé&afireferential solvation of anions at step

edges followed by solvation of terrace ions was found. Another experiomeBr-doped
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NaCl has shown that Br-rich islands segregate to the suaftareexposure to RH above
40% followed by drying, indicating the preferential solvation and segregation.df Br
Airborne saline droplets in the troposphere often form around solidlesuidf dust that

originate in deserts and are transported in the atmosphere ovelisbaigces to oceanic
regions. As a result a large fraction of the aerosol parti€lasnixture of minerals and sea
salts®*° Since quartz (Si§) is one of the dominant minerals in the dust particles an
investigation of the dissolution and possible ion segregation ofdegitssited on quartz or
silica substrates can help to understand the chemical reaatmoiging aerosols in the
troposphere. As the salt dissolves under high humidity a thin filitmeo$olution will cover
the solid substrate giving rise to two different interfaces, otte twe air, the other with the
SiO, substrate. Because these two interfaces might be separasédrhynanometer scale
distances, it can lead to dissolution and segregation mechanisms thay aliferent from
those occurring on pure droplet solutions with a single air/liquid inerfac

The purpose of the present study therefore is to investigateatiee adsorption and the
dissolution of alkali halide crystals on Si€urfaces. In this report we will present the
results obtained by SPFM and in a subsequent one, now in preparationll wepovt

spectroscopic results using X-ray photoelectron spectroscopy under touniditions.

Experimental Section
Principle of SPFM

The operation of SPFM has been previously reported in d&tadnd therefore only a
brief description is presented here. SPFM is a noncontact AFMtmperaode based on

electrostatic forces. When a conductive cantilever is elaliyribiased Y) relative to a
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sample or sample support, an attractive electrostatic Ff{\feacts between tip and sample
that can be represented F¥) =aVv?+bV +c, wherea, b and c are parameters that
depend on the geometry of the tip (radius and sHapipysample separation and the local
dielectric constants at the sample surface. The first comp¢a¢ftoriginates from the
polarization of the sample by the biased tip (induced charges). The other componeats der
from the interaction between the tip and charges or dipolesigtiagxon the surface.
When a sinusoidal voltag¥ =V, +V_sin(wt), is applied to the cantileveF(V) has
contributions atdc, w and 2w frequencies. The second-harmonic terfy,) has
information on the polarizability (dielectric constant) and topograpivhile the
first-harmonic termK,,) represents the electrostatic force induced by the contact ipbtent
difference between tip and sampié® The oscillation of the cantilever is detected by a
conventional optical lever technique, and g andF,, contributions are separated by
lock-in amplifiers. A feedback loop controls the tip-sample sepmar ¢) by keepingFz,
constant. A map of the displacement represents a surface topography modulated by the
local dielectric constant, which will be called “topographi@aga” for simplicity. A second
feedback loop is formed by adding/g signal to nullF,,, as in the Kelvin probe method.
This gives an image of the local contact potential differencedwet tip and sample, which
we will refer to as a “surface potential image”. The stefpotential of the tip is unknown
during the experiment so that only relative changes in potenti@kbe different areas of
the surface are meaningful. In addition, because both the tip apéealagger supporting
cantilever contribute to the electrostatic force, the value ofdhéact potential difference
depends on the tip-surface distance. At close proximity (obttier of the tip radius) the

contribution of the tip apex is important, while at larger separatthe cantilever base is
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dominant. For these reasons it can be difficult to perform quamtitateasurements of

absolute surface potentials.

Sample preparation

Boron-doped Si(100) wafers with 0.002cm resistivity were used as substrates. The
wafer was first dipped in a solution 0b$0, (95 - 97 wt%) : HO, (35 wt%) = 3:1 (by
volume) for 10 min in order to remove carbon and metallic contaminatidhe surface.
After rinsing with Millipore water for 1 min, the sample wdgpped into a diluted HF
solution (1 - 5%) for 5 min to remove the native oxidi&hen it was treated with an
ultraviolet ozone generator for 20 min to form a clean oxide surfdeseng XPS we
estimated oxide thickness to be 2 finiThe sample was exposed to afiAD plasma at 0.4
Torr for 10 min to generate nucleation sites for the alkaldbatrystals. After the plasma
treatment the surface was hydrophilic with a water contact angdéler than 5°.

For KBr we used a standard solution (0.1 mol/l, 99.8%) from Riedélatn or
solutions prepared from powder (99.9%) from PIKE Technologies. Forkand NacCl,
the powders used were 99.999% (KCI) and 99.99% (KF) from SigmaeA|dand 99.0%
(NaCl) from Fisher Scientific. The standard solution or the posvdesre diluted with
Millipore water. Alkali halide crystallites on the SiSi wafer were prepared by
evaporation of films of aqueous solutions spread over the wafer awiwith N gas, as
illustrated in Fig. 1(a). Figure 1(b) shows contact mode AFM isamgeler dry conditions
with two different equivalent amounts of NaCl deposited. The estdrequivalent amount

of alkali halide deposited for SPFM observations was 6 to 10 monolayers.



SPFM setup

Our homemade SPFM head was housed inside a glass bell japerated with an
electronic controller from RHK Technology. The RH was controlledheyintroduction of
dry or wet N gas obtained by bubbling through Millipore water. All experimentsewe
performed at room temperature (22 =+ 1 C°). The RH was measiilted wommercial
humidity sensor placed ~15 mm from the sample. The humidity variaasrntwt% during
scans to obtain one image. The absolute RH values have an uncerfainty%e Si
cantilevers coated with Cr/Pt from NanoAndMore USA were uskd.résonant frequency
and the spring constant were 13 + 4 kHz and 0.2 N/m, respectivetyeBafperiments, the
cantilevers were exposed to hexadecanethiol vapor for more than 12 dhoenslér them
hydrophobic. The peak amplitudé,, and frequency of the sinusoidal ac voltage applied
to the conductive cantilever were 3.5 V and 4.5 - 6.0 kHz, respectivelyhartsi tvafer
was connected to the ground. At each RH topographic and surface poteatiasiwere
obtained simultaneously. The interval between consecutive imagefea¢rdi RHs was

approximately one hour, to ensure uniformity and stability of the RH in the chamber

Results

Figures 2 and 3 show snapshots of topography (left imagds}laface potentials
(right images) of KBr crystallites on the Si wafer afefiént RH. The actual shape of the
small salt crystallites cannot be determined from thddeMsnon-contact images due to
limited lateral resolution, which is determined by tip radius gmddmple distance, all in
the order of a few 10’s of nm. Figure 2 shows results at lowdityn{RH < 32%). Bright

protrusions in Fig. 2(a) correspond to KBr nanocrystals at 8%wRiHheights from 8 nm
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to 26 nm. At 8% RH the surface potential contrast is 9 to 15 m\liymselative to the
surrounding Si@ substrate. After increasing the RH to 32%, the crystals rewisible in
the topographic image (Fig. 2(b), left) but the contrast in tiease potential decreases
substantially (Fig. 2(b), right). This trend continues up to 44% RHol®¥%8% RH the
nanocrystals began to disappear in the topographic images as shown in Fig&d)3 st
the small crystals disappear, such as those marked by doted an Fig. 3(a). At 86%
RH, close to the deliquescence point of bulk KBr, only the larger ngstatrmarked A
remains in the imaged area (Fig. 3(c), left). At 95% RH rmfnine crystallite structures
can be observed (Fig. 3(d), left). The lack of contrast is most probabty forenation of a
homogeneous solution film covering the surface. The surface pbotanéiges (Fig. 3,
right) show a weak negative contrast, down to - 7 mV in this RH range.

Figure 4 shows cross-sectional profiles of crystals ¢éabAland B in Figs. 2 and 3. In
Fig. 4(a), the initial apparent height of nanocrystal A is ~26ahr8% RH and increases
with RH to reach a maximum of ~53 nm at 86% RH. At 95% RIHettomes completely
flat, which indicates dissolution. Nanocrystal B is ~14 nm high udderconditions (8%
RH), and also grows in apparent height as the RH increaselinga®8 nm at 71% RH.
Interestingly it flattens out at lower RH, between 71 and 86%, than nandérysta

In another experiment, a KBr nanocrystal ~29 nm high under dry cond{8&hRH)
was exposed to water vapor and its apparent height increaséfl ton~at 72% RH. After
drying again to 8% RH, the apparent height was found to be ~60 nm. Xdnsple
indicates that the physical size of the KBr nanocrystalseasgd, most likely due to
accretion of ions that diffused away from the smaller partiatekigh humidity, as we

discuss in more detail later.



Figure 5 shows another SPFM result at high RH close tdeliguescence point. Left
and right figures are topographic and surface potential imagggseatively. Figure 5(a)
shows 4x4um? images taken at 67% RH, of four KBr nanocrystals (labeled €, dnd F)
with heights of ~20 nm, ~12 nm, ~15 nm and ~15 nm respectively. No catdrabe seen
in the surface potential image (Fig. 5(a), right). Figure 5(b) shows intakps at 81% RH.
Nanocrystals E and F in Fig. 5(a) disappear. Nanocrystalé€s gise to a small negative
contrast (-3 mV) in the surface potential image, while that abagstal D is within the
noise (Fig. 5(b), right). The images in Fig. 5(c), 7m7i2, were taken at 95% RH. The
nanocrystals (C and D) have dissolved completely producing a latgdrdiplet or film
(Fig. 5(c), left). The surface potential of the film is negatrelative to that of the
surrounding area (Fig. 5(c), right). The area in Fig. 5(b) isatoedl inside the area
occupied by the film in Fig. 5(c). Figure 6(a) shows crosdesat profiles of the
nanocrystal labeled C in Figs. 5(a) and 5(b). The apparenitiefiganocrystal C increases
from ~20 nm to ~27 nm by the increase of RH from 67% to 81%. Nanaktiysalso
increased its height from ~12 nm to ~17 nm. Figure 6(b) shows tggogrand surface
potential profiles across white lines in Fig. 5(c). The film®nm high and approximately
-15 mV more negative than the surrounding area.

We attribute the negative contrast of the surface potentiatloz@reas occupied by the
dissolved salt crystals to the preferential segregation ofattiens to the solution-air
interface. Recent simulatioh¥ and experiment§'”?*%? have indeed shown an
enhancement of concentration of the larger, more polarizabledmaiogs at the surface of
agqueous solutions. Our results imply that this phenomenon occurs alanameter thick

solution films, which is now limited by two interfaces, the ajuid and the liquid/Si@
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This result is relevant to atmospheric chemistry because dnoptets are presumably
formed around solid nuclei, like silica sand particles.

To explore the dependence of the segregation trends on anion siperfeemed
experiments with various alkali halides, including KBr, KCI, KF an@&CN with
deliquescence points of ~86%, ~87%, ~25% and ~75% RH, respeéliFdyre 7 shows
4x4 um? surface potential images of droplets formed by deliquescence ofikabdalide
particles at RH higher than 90%. A topographic image of each drogledven in the inset.
The surface potential is negative relative to the surrounding ardéBir, KCl and NacCl,
but positive for KF. The values of the potential over the KBr, KCI,ak@ NaCl droplets
are -18 £ 3 mV, -14 £ 2 mV, +25 £ 5 mV and -10 £ 3 mV, respebti These results are in
line with the segregation of Band Cl ions to droplet surfaces, the effect being stronger
with Br than with Cl ions. The smaller ‘'Hons on the other hand are depleted at the
air/droplet interface. Unfortunately the dependence of the contatt@dtwith tip-surface
distance prevents a determination of the degree of ion segregaiianttie measured

values of the contact potential.

Discussion

The decrease in contrast of the surface potential withaisioig RH from 8% to 32% in
Fig. 2 indicates that the adsorption of water on the KBr nanots\ata the Si@surface
smoothes out the initial difference of surface potentials formedrurgleconditions. The
apparent height however increases as a function of humidity untietiogiescence point is
reached, at which point it collapses as shown in Fig. 4 for KBun@ierstand this increase

lets consider the various possible contributions to the contrast.r$herfe is physical and
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reflects growth of KBr. A second one could be a preferential adsorpfi water on the
crystallites over the surrounding Si@oth contributions give rise to topographic changes
that reflect a real increase in the amount of material ircitystallite or droplet. The third
one is due to an increase in dielectric constant, which leads to highevsthgat forces.

As alkali-halide crystal surfaces are exposed to watersohste and become mobile,
leading to an increase in the local dielectric constarithis starts first at step edges and is
reflected in an enhanced step contfadthe increase in attractive electrostatic force due to
the changes in the dielectric constant eventually saturatesjsieettze electrostatic force

24, 26, 42 gince we know from

increases following a relation of the type-1)/e
ambient-pressure XPS that the amount of water on KBr thin 6imSiQ is no more than

a few monolayers thick around 55% fRHwe believe that the observed increase in
apparent height up to ~58% RH in Fig. 4 is mostly of dielectric origin.

The small crystallites other than nanocrystal A in Fig.,3a§l nanocrystals E and F in
Fig. 5(a), disappear in the humidity range between 58 and 86% RHm@ynehink that
smaller nanocrystals deliquesce at lower RH. This is not likelthis case, however,
because droplets such as those in Figs. 5(c) and 7 have never bemedobsehis
humidity range. The most likely explanation is the occurrence of Ostvpadimng in which
the increase in the number and mobility of solvated ions as the hyroahtinues to
increase beyond 55% RH results in an enhanced ionic diffusion that titsnigper from
the small to the larger crystallites. The increase of gmpdneights of large nanocrystals is
clearly visible for nanocrystal A (from 71% to 86% RH in Fig.)#@nd nanocrystal C

(from 67% to 81% in Fig. 6(a)) above ~55% RH. Ostwald ripening bas bbserved in

many physical and chemical systetfi&® It is the coarsening of an ensemble of differently
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sized clusters as larger clusters grow at the expense Oéisoraes. The driving force for
ripening is the minimization of the total surface area of thistet ensemble. Recently,
Cleaver et at” have found on the surface of boric acid that it undergoes restngrtunien
exposed to changes in RH of the surrounding air. Their AFM observations, in contact mode,
showed the preferential dissolution of submicron surface featurethampowth of flatter
regions at high RH of 80%. Although the thickness of adsorbed wates iaygnknown in
their study, they proposed that the concept of Ostwald ripeningecartended to account
for the dissolution and redistribution of fine surface feature®wghmess in contact with
water layers. Their result supports the Ostwald ripening sScet@amexplain the contrast
increase of the large crystals and the disappearance of smalinoR&gs. 3 and 5 in the
presence of water layers.

One may notice that the apparent heights of nanocrystals A and B dacredse
significantly from 58% to 71% RH in Fig. 4 despite the disappearaficthe two
nanocrystals marked by dotted arrows in Fig. 3(a). The appareiht hepyesents surface
topography modulated by the local dielectric constant. The tlieleapnstant increases
because at higher RH more water is available to solvate arh#ecthe mobility of ioffs
Since the amplitude of the lever oscillation in SPFM imagingnaéntained constant in a
topographic image, the tip is being raised over the suréacerhpensate for the increased
force. The larger tip-sample separation results in a lowerugation because of the
decreased spatial variation in electrostatic forces. The apgeighits of the nanocrystals
in Fig. 4 do not change from 58% RH to 71% RH, even if the tip-saneplaration is

increasing. This clearly indicates that the nanocrystals must bengrawthis RH range.

In Fig. 5(b), nanocrystal D is still visible while the larger crystals E and F in Fig. 5(a) have
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disappeared. The explanation we believe is that solvated ions are exchanged between KBr
clusters through the water layers on the,Shich we cannot image.

In our measurements the size increase of the nanocristajgparent mostly in the
vertical direction. As explained above, this is related to théddrlateral resolution of
SPFM, both from the finite tip apex radius and the large tip-sasgparation, on the order
of 20 - 30 nnt’ One might expect that the aspect ratio (height / width) shoutdoke to
1.0 in for cubic nanocrystals. However, the aspect ratio of mgstats A and B under dry
conditions is much lower than 1.0 in Fig. 4, even if we take intouatcof the limited
lateral resolution of SPFM. Figure 1(b) shows images of alkdililharystallites in the
contact mode. Although we cannot resolve the cubic shape, the gsysddllites form
two-dimensional aggregates. If each aggregate is unresolved agedims one protrusion
in the SPFM mode, the aspect ratio of the protrusion would be much smaller than 1.0.

The boundaries of the deliquesced droplet in Fig. 5(c), marked dwsarhave irregular
shapes. In contrast, all the droplets in Fig. 7 have circular bousdahe difference in the
shape of deliquesced droplets is probably due to the presence arultilistrof some
contaminant materials such as hydrocarbons on the Si@ace, which are difficult to

control completely in our ambient conditions.

Conclusions

We have studied the effect of water adsorption on small crysfalkali halide
deposited on thin SiOfilms as a function of RH, with the objective of determining the
ionic solvation processes leading to crystal dissolution (deliguestand the occurrence
of preferential cation or anion segregation to the air-liquid anddlgolid interfaces. Our

motivation was to determine if the anion segregation experimgntdlserved and
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theoretically predicted at the air-liquid interface occur® aldien another interface is
present within a few nanometers of the first one. This would bel@fance to atmospheric
phenomena involving water condensation on saline deposits on sand grains and other
minerals.

First, we focused on KBr nanocrystals and imaged them as adiraétRH from 8%
to 95%. Up to approximately 55% RH, water adsorbs and solvates iord) bétome
mobile and cause an increase in the dielectric constant. Thmangested in a large
increase in electrostatic force that produces an increase iapparent height of the salt
crystals. Between approximately 55% and 85% RH there ipid iacrease of the crystal
height due to Ostwald ripening, where large crystals graweaéxpense of the small ones.
At the deliquescence point, the crystals dissolve completely gilgago droplets or films.
The relative humidity at the deliquescence point of KBr crystalion SiQ is found to be
between 86% RH and 95% RH, virtually identical to that of th& BiBr crystal (~86%
RH).

We also imaged deliquesced droplets of various alkali halides W@y KF and NacCl).
The surface potential of the dissolved salt crystals was found nedagive relative to the
surrounding Si@ surface except for KF, where the surface potential of th&isolwas
positive. These results supports the model of segregation ofdarges to the air/liquid

interface even in the presence of a liquid/solid interface located a femetars away.

Acknowledgement
This work was supported by the Director, Office of Science, ©ffit Basic Energy

Sciences, Materials Sciences and Engineering Division, of teRepartment of Energy

-13-



under Contract No. DE-AC02-05CH11231. K.A. acknowledges financial supgmort f

Yamada Science Foundation. A.V. acknowledges support from the Spamsbn y

Cajal Program. We thank E. Wong for his technical support on SPFM.

References

1)

(2)

3)

(4)

()

(6)

(7)

Barrie, L.A.; Bottenheim, J. W.; Schnell, R. C.; Crutzen, PRasmussen, R. A.
Nature 1988, 334, 138.

Finlayson-Pitts, B. J.; Livingston, F. E.; Berko, H.Néture 1990, 343, 622.
McConnell, J. C.; Henderson, G. S.; Barrie, L.; Bottenheim,ildi,, M.; Langford, C.
H.; Templeton, E. M. Nature 1992, 355, 150.

Impey, G. A.; Shepson, P. B.; Hastie, D. R.; Barrie, L. Alaaf, K. G.J. Geophys.
Res. D 1997, 102, 16005.

Impey, G. A.; Mihele, C. M.; Anlauf, K. G.; Barrie, L. A.; Hastie, D. R.; Shepsds, P
J. Atmos. Chem. 1999, 34, 21.

Foster, K. L.; Plastridge, R. A.; Bottenheim, J. W.; Shepsds., Finlayson-Pitts, B.
J.; Spicer, C. W&cience 2001, 291, 471.

Thomas J. L.; Jimenez-Aranda, A.; Finlayson-Pitts, B. dbdbb, D.J. Phys. Chem.

-14-



(8)

9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

A 2006, 110, 1859.

Jungwirth, P; Tobias, D. J.Phys. Chem. B 2001, 105, 10468.

Jungwirth, P; Tobias, D. J.Phys. Chem. B 2002, 106, 6361.

Eggimann, B. L.; Siepmann, JJIPhys. Chem. C 2008, 112, 210.

Zangmeister, C. D.; Turner, J. A.; Pemberton, GeBphys. Res. Lett. 2001, 28, 995.

Petersen, P. B.; Saykally, RJJPhys. Chem. B 2006, 110, 14060.

Petersen, P. B.; Saykally, RAdnu. Rev. Phys. Chem. 2006, 57, 333.

Liu, D.; Ma, G.; Levering, L. M.; Allen, H. Q. Phys. Chem. B 2004, 108, 2252.

Mucha, M; Frigato, T.; Levering, L. M.; Allen, H. C.; Tobias, D. Dang, L. X;

Jungwirth, PJ. Phys. Chem. B 2005, 109, 7617.

Ishiyama, T; Morita, Al. Phys. Chem. C 2007, 111, 738.

Grieves, G. A.; Petrik, N.; Herring-Captain, J; Olanjaw8.; Aleksandrov, A.;

Tonkyn, R. G.; Barlow, S. A.; Kimmel, G. A.; Orlando, T. 8 Phys. Chem. C 2008,

112, 8359.

Ogletree, D. F.; Bluhm, H.; Lebedev, G.; Fadley. C. S.; HusgaBalmeron, MRev.

ci. Instrum. 2002, 73, 3872.

Verdaguer, A.; Weis, C.; Oncins, G.; Ketteler, G.; Bluhm, H.; Salmerobahgmuir

-15-



(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

2007, 23, 9699.

Salmeron, M.; Schlégl, Rurf. Sci. Rep. 2008, 63, 169.

Ghosal, S.; Hemminger, J. C.; Bluhm, H.; Mun, B. S.; Hebenstreit, E. L. Dejdet

G.; Ogletree, D. F.; Requejo, F. G.; Salmeronlence 2005, 307, 563.

Ghosal, S; Brown, M. A.; Bluhm, H; Krisch, M. J.; Salmeron, dMingwirth, P.;

Hemminger, J. CJ. Phys. Chem. A 2008, 112, 12378.

Hu, J.; Xiao, X-D.; Ogletree, D. F.; Salmeron,3dence 1995, 268, 267.

Hu. J.; Xiao, X-D.; Salmeron, Mppl. Phys. Lett. 1995, 67, 476.

Salmeron, M; Xu, L.; Hu, J.; Dai, IRSBull. 1997, 8, 36.

Xu. L., and Salmeron, NNano-Surface Chemistry; Chapter 6. Edited by M. Rosoff.

Marcel Dekker. New York, 2001.

Verdaguer, A.; Sacha, G. M.; Bluhm, H.; SalmeronCkem. Rev. 2006, 106, 1478.

Dai, Q.; Hu, J.; Salmeron, M.Phys. Chem. B 1997, 101, 1994.

Luna, M.; Rieutord, F.; Melman, N. A.; Dai, Q.; Salmeron,MPhys. Chem. A

1998, 102, 6793.

Verdaguer, A.; Sacha, G. M.; Luna, M; Ogletree, D. F.; &alm M.J. Chem. Phys.

2005, 123, 124703.

-16-



(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

Ghosal, S.; Verdaguer, A.; Hemminger, J. C.; Salmerod, Rhys. Chem. A 2005,

109, 4744.

Andreae, M. O.; Charlson, R. J.; Bruynseels, F.; Storms, &h; Gfieken, R.;

Maenhaut WScience 1986 ,232, 1620.

Levin, Z.; Teller, A.; Ganor, E.; Yin, ¥. Geophys. Res. D 2005, 110, D20202.

VanCuren, R. Al. Geophys. Res. D 2003, 108, 4623.

Fan, X-B.; Okada, K.; Niimura, N.; Kali, K.; Arao, K.; ShkYG Qin, Y.; Mitsuta Y.

Atmos. Env. 1996, 30, 347.

Zhang, D.; lwasaka, Geophys. Res. Lett. 2004, 31, L15102.

Gbomez-Moiiivas, S.; Froufe-Pérez, L. S. ; Caamafio, A. J.; SagnAppl. Phys.

Lett. 2001, 79, 4048.

Schonenberger, C.; Alvarado, SPRys. Rev. Lett. 1990, 65, 3162.

Yokoyama, H.; Inoue, Thin Solid Films 1994, 242, 33.

Arima, K.; Endo, K. ; Kataoka, T.; Oshikane, Y.; Inoue, H.; Morapfl. Phys. Lett.

2000, 76, 463.

Himpsel, F. J.; McFeely, F. R.; Taleb-Ibrahimi, A.; YafinJ. A. Phys. Rev. B 1988,

38, 6084.

-17-



(42)

(43)

(44)

(45)

(46)

(47)

Gbomez-Moiiivas, S.; Saenz, J. J.; Carminati, R.; GreffetAppll Phys. Lett. 2000,
76, 2955.

Arima, K.; Salmeron Mn preparation.

Lifshitz, 1. M.; Slyozov, V. V. Phys. Chem. Solids 1961, 19, 35.

Chakraverty B. KJ. Phys. Chem. Solids 1967, 28, 2401.

Morgenstern, K.; Rosenfield, G.; ComsaPys. Rev. Lett. 1996, 76, 2113.

Cleaver, J. A. S.; Wong, &urf. Interface Anal. 2004, 36, 1592.

-18-



Figure Captions

Figure 1. (a) Schematic drawing illustrating the processl @ise deposition of alkali
halide crystallites on SiJrom a droplet of solution spread and dried over the
wafer surface. (b) Examples of AFM images of NaCl nanoalysteposited in
the manner in (a). They were taken in the contact mode at awdjtion. The
5x5 um?images show crystallites in different aggregation statesndipg on

the initial concentration of the solution, with heights of roughly 10 - 20 nm.

Figure 2. 5x5um? non-contact SPFM images of KBr nanocrystals on thin, 8i@s at
low relative humidity (RH) of 8% in (a), and 32% in (b). Left andhtifigures
are topographic and surface potential images, respectively. iyatedcA is
~26 nm high and has a surface potential contrast of ~15 mV. Natadddys
~13 nm high and its surface potential is ~10 mV. All nanocrystals showvgositi
contrast in the surface potential image at 8% RH but thisasiriecomes very

small when the RH is increased to 32%.
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Figure 3.

Figure 4.

Figure 5.

5x5:m? SPFM images at medium and high relative humidity (RH) of &inees

area as in Fig. 2. Left and right images correspond to topogeaphgurface
potential respectively. (a) RH = 58%. (b) RH = 71%. The gnalanocrystals
indicated by dotted arrows in (@) disappear first. (c) RH = 8Bty the larger
nanocrystal A remains. (d) At RH = 95% no structures can be observed in either
the topographic or the surface potential images. The color stal€a) 47 nm,

(b) 48 nm, (c) 55 nm and (d) 55 nm, respectively in the topographesna

For surface potential images, the color scale is fixed to 20 mV.

Cross-sectional height profiles of nanocryggl#\ and (b) B in Figs. 2 and 3

as a function of RH. The profiles are shifted vertically for clarity.

Non-contact SPFM images of KBr nanocrystals enSH, films at a relative
humidity (RH) near the deliguescence point. Left and right fguaee
topographic and surface potential images, respectively. (aFFRH%. The
contrast range in the topographic image is 25 nm. Four nanocnysteded C,

D, E and F are visible in the 4x4n” area. No contrast can be seen in the
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Figure 6.

Figure 7.

surface potential image. (b) RH = 81%. Only two nanocrystalked C and D
are visible in the 4x4m? area. The contrast range is 33 nm (left), and 12 mV
(right). (c) RH = 95%. The scanned area is #RY and includes the regions of
the images in (b). At this RH the nanocrystals have dissolved catyplet
forming a flat droplet of the solution. Arrows indicate the boumsadf the

droplet. The color scales are 13 nm (left) and 20 mV (right).

(a) Cross-sectional height profiles of nanocrystal Egs. 5(a) and 5(b). The
profiles are shifted vertically for clarity. (b) Cross-sexcél cuts along white

lines in Fig. 5(c).

Surface potential images of several deliquesced alidade on SiQ. The
scanned area is 4%4n® in all images. A topographic image of each droplet is
shown as an inset in the lower left corner. (a) KBr, (b) KOILKE and (d)
NaCl. Images were taken at high relative humidity (RH) R = 93%, (b)
RH = 92%, (c) RH = 90%, (d) RH = 95%). The color scales gra5anV, (b)

25 mV, (c) 35 mV and (d) 25 mV.
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(a) 8% RH

(b) 32% RH

Figure 2
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(a) 67% RH

Figure 5

-26-



(a) Nanocrystal C
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Figure 7
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